The IUCN Red List is the most useful list of species that are at risk for extinction worldwide, as it relies on a number of objective criteria. Nevertheless, there is a taxonomic bias that excludes species with small body sizes, narrow distribution ranges and low dispersal abilities, which constitute the vast majority of the planet's biota, particularly local endemics.
Introduction
There is an increasing awareness that the vast majority of extinctions go unnoticed because they occur within small, strongly neglected organisms (e.g., Koh et al., 2004; Dunn, 2005; Dunn et al., 2009; Régnier et al., 2009; Triantis et al., 2010) . However, for a number of reasons, invertebrates are rarely considered in conservation policies. Worldwide conservation efforts have mostly relied on a few emblematic groups. This is largely driven by substantial confidence in the umbrella species concept. Umbrella species are still widely used by managers and researchers, but this practice is now strongly questioned, and the use of umbrella species has been shown to be largely speculative and unfounded (Muñoz, 2007; Cabeza et al., 2008; Martín et al., 2010) . Moreover, some invertebrate groups are, in many cases, the first to become extinct in response to habitat loss and disturbance , and they often are the only endangered animals that live on islands or in caves (Martín et al., 2010) . Classifying invertebrates according to their risk level and establishing objective rankings of risk is therefore a requirement for biodiversity conservation, as invertebrates represent the vast majority of described species (approximately 80%).
Critical to conserving biodiversity is understanding the status of and trends in the distribution and abundance of species (Gaston, 1994 (Gaston, , 2003 Baillie et al., 2008) . However, monitoring populations of rare species is a challenging process (Stork et al., 1996) . The IUCN Red List is arguably the most useful worldwide list of species at risk of extinction (Lamoreux et al., 2003) . Its usefulness is based on its reliance on a number of objective criteria, which are relatively easy to apply when adequate information is available (IUCN, 2001 ; Table 1 ). The Red List has been used to raise awareness about threatened species, guide conservation efforts and funding, set priorities for protection, measure site irreplaceability and vulnerability, influence environmental policies and legislation and evaluate and monitor the state of biodiversity (Gärdenfors et al., 2001; Rodrigues et al., 2006; Baillie et al., 2008; Mace et al., 2008; Martín-López et al., 2011) . The IUCN classifies species into different 0006-3207/$ -see front matter Ó 2011 Elsevier Ltd. All rights reserved. doi:10.1016/j.biocon.2011.06.020 risk categories with evocative titles, namely Critically Endangered (CR), Endangered (EN) and Vulnerable (VU). However, these classifications are more relative than absolute in the sense that a classification of CR does not imply that the species is almost extinct but only that it is in greater danger of becoming extinct, even if by socalled stochastic effects, compared to a species that is classified in any other category. Within such a framework, it is important that the different criteria and thresholds have discriminative powers that allow the ranking of species according to their level of extinction risk. Of the many uses of the Red List, such ranking of species is paramount when establishing priorities for protection and for justifying funding for conservation (Rodrigues et al., 2006; Baillie et al., 2008; Mace et al., 2008) .
Although the criteria were meant to be applicable to the majority of described species, the taxonomic bias is striking (Lozano et al., 2007) . While almost all of the mammalian, avian and amphibian species have been evaluated, only 0.5% of the described arthropod species and 4% of all described molluscs worldwide have been evaluated (IUCN, 2010) , most of which are butterflies (Lewis and Senior, 2011) , dragonflies (Clausnitzer et al., 2009 ) and freshwater crabs (Cumberlidge et al., 2009 ). This reveals a bias towards large species with wide distribution ranges and high dispersal abilities, i.e., those that are easily sampled. Thus, the current Red List omits small species with narrow distribution ranges and low dispersal abilities, which constitute the vast majority of the planet's biota, particularly local endemics. Consequently, the most threatened invertebrate species are likely excluded. To avoid this bias, species evaluations often do not justify the numerical values used as recommended by IUCN (see the minimum requirements in Annex III of IUCN, 2001) , and are instead based solely on expert opinions about changes in the species' abundance and distribution, which reduces the objectivity of the assigned risk category (Verdú and Galante, 2006) .
In addition to invertebrates, other taxa face similar difficulties. For example, small herbaceous species (Lozano et al., 2007) , bryophytes (Hallingbäck et al., 1998; Hallingbäck, 2007) , fungi and lichens are also often neglected. This taxonomic bias is also pervasive in species inventories (Gaston and Rodrigues, 2003; Pressey, 2004) , species reintroduction projects (Seddon et al., 2005) , invasive species studies (Pysek et al., 2008) , legally protected species lists and consequently, funding for species conservation (Clark and May, 2002; Martín-López et al., 2009 .
Two reasons justify the current taxonomic bias of the IUCN lists. First, the current criteria are difficult to apply using the information that can be reasonably gathered for most invertebrate species (New and Sands, 2003; Kozlowski, 2008) because of four main shortfalls (see Cardoso et al., in press ): (1) most species are undescribed (the Linnean shortfall); (2) the distributions of described species are largely unknown (the Wallacean shortfall); (3) species' abundances and their changes in space and time are unknown (the Prestonian shortfall); and (4) species' ecology and sensitivity to habitat changes are largely unknown (the Hutchinsonian shortfall). These four shortfalls stem from the fact that basic research on invertebrates, especially concerning their taxonomy and natural history, is scarce and underfunded (the scientific dilemma, see Cardoso et al., in press ). This poor knowledge makes it difficult to gather enough information to classify most species into any risk category. The criteria should be adapted in some way to increase the feasibility of the classifications. Second, a critical look at the Red List's thresholds suggests that they were defined based on the requirements of large vertebrate species. Even if enough information could be gathered, the current criteria may not be appropriate for most invertebrates. Thus, the criteria should be modified to increase the adequacy of the classifications. When both feasibility and adequacy are achieved, invertebrates will represent a significant proportion of the priority species lists and taxonomic balance can be realized (e.g., Martín et al., 2010) .
By evaluating each IUCN criterion separately, we intend to accomplish the following tasks:
(1) identify the shortcomings of the application of the current criteria to invertebrate species, particularly to the hyperdiverse arthropods; (2) explain how the risk categories may be erroneously applied due to biologically unrealistic and/or misleading thresholds (causing extinction risks to be under-or over-estimated); (3) suggest alternative approaches of applying the existing criteria in a more realistic way considering the biological, ecological and biogeographic attributes of invertebrates; (4) suggest the incorporation of new criteria to allow a more comprehensive and effective assessment of invertebrates.
Our intention is to initiate a discussion about the need to revise the existing IUCN criteria and thresholds and to introduce new criteria that will complement the existing ones for a more realistic evaluation of the vast majority of the planet's species, i.e., invertebrates. We do not intend to propose a change to the current IUCN n < 2500 n < 10,000 AND (reduction P 25% over 3 years or one generation AND (reduction P 20% over 5 years or two generations AND (reduction P 10% over 10 years or three generations OR (reduction OR (reduction OR (reduction AND (larger subpopulation 6 50 AND (larger subpopulation 6 250 AND (larger subpopulation 6 1000 OR P 90% individuals in a single subpopulation OR P 95% individuals in a single subpopulation OR 100% individuals in a single subpopulation OR extreme fluctuations))) OR extreme fluctuations))) OR extreme fluctuations))) D. Very small or restricted population n < 50 n < 250 n < 1000 OR AOO < 20 km 2 OR locations 6 5 E. Quantitative analysis of extinction risk P50% over 10 years or three generations P20% over 20 years or five generations P10% over 100 years framework, which has been applied widely, even at the global scale for vertebrates. Such a dramatic change could have undesirable consequences on the Red List's long-term benefits ).
2. Shortcomings and possible alternatives to the current criteria
Population reduction -Criterion A
This criterion is based on the reduction of the number of individuals of a given species (Table 1) . However, obtaining abundance data is particularly difficult for invertebrates, and it is usually impossible to estimate the absolute abundance of a species. Because of this, it is also very difficult to assess changes in their abundance through time. Monitoring population changes requires a very thorough sampling program replicated at least twice, 10 years apart to meet the IUCN criteria, but further sampling efforts would be required to distinguish between natural fluctuations and a real decline (Fox et al., in press ). This kind of long-term ecological monitoring is very rare for invertebrates. Such monitoring has been restricted mainly to butterflies (van Swaay et al., 2008; Lewis and Senior, 2011) , allowing the publication of red lists (van Swaay et al., 2010 (van Swaay et al., , 2011 Fox et al., in press) and the selection of priority areas for conservation (van Swaay and Warren, 2006) .
Abundance is usually correlated with the range of a species (the intraspecific range-abundance correlation; Gaston, 1994) . Therefore, one alternative is to use estimates of the reduction in the Area of Occupancy (AOO) as a surrogate for suspected reductions in population abundance. Nevertheless, the relationship between range size and abundance, although generally true, is not inevitable, and it must be justified in IUCN evaluations (Akçakaya et al., 2006) . In fact, if it is generally true that no restricted species is locally abundant, some species can occupy many sites but have only small population sizes in most of them (the triangular intraspecific rangeabundance relationship; Gaston, 1994 ). An additional problem is that any decline in AOO is usually inferred from a decline in habitat extent and/or quality. This makes most inferences about abundance declines in populations indirect deductions. Such inferences assume first, that point abundance is the same everywhere inside the AOO and second, that AOO follows the same decline as habitat.
Instead of relying on overwhelmingly difficult to obtain (abundance) or indirect (distribution) data, we suggest the modification of this criterion to incorporate declining range size. This could be based on declining AOO using the same thresholds as population reduction. This would better reflect the type of data that is possible to obtain for invertebrates and increase the feasibility of evaluations, leading to a decrease in the number of species classified as Data Deficient (DD). This process has been successfully tested in the evaluation of the conservation status of threatened species in the Canary Islands, which included different species of arthropods (Martín et al., 2005) . The Canary Islands Government has incorporated the list in its regional legislation.
Geographic range -Criterion B
This criterion is based on the range size of a species (AOO or Extent of Occurrence, EOO) and possible fragmentation, decline or extreme fluctuations (Table 1 ). The EOO is defined by the IUCN as, 'the area contained within the shortest continuous imaginary boundary that can be drawn to encompass all sites of present occurrence of a taxon'. The AOO represents the area currently occupied and is a function of the scale (e.g., spatial resolution) at which it is measured (see Gaston, 2003) . It is the only existing criterion that can be properly applied to most species (Lewis and Senior, 2011) . However, the threshold values do not seem appropriate for many taxa. Organisms with small body sizes usually require much smaller areas than organisms with larger body sizes, and invertebrates typically have smaller ranges than vertebrates, with plants presenting intermediate values (Gaston, 2003; Martín, 2009) . Especially among island endemics (Martín, 2009 ) and troglobionts, many species meet some threshold of criterion B, including many vertebrates, even if they are naturally rare and not, therefore, necessarily endangered. This may lead to an overestimation of extinction risk.
The IUCN recognizes that this criterion is especially difficult to meet because the use of AOO or EOO is not as robust as using the number of individuals. Therefore, three conditions have to be met for each species considered: small range, habitat fragmentation and range decline (Table 1) . Extreme fluctuations are usually difficult to assess. This means that non-insular and non-troglobiont species may not meet the requirements of Criterion B even if they are endangered. Therefore, classifications may also underestimate the real risk of extinction.
Finally, incomplete sampling is the rule rather than the exception with invertebrates. The fact that a species is not known from a given region does not mean it is not present; often simply no one has searched for it. This causes the EOO and AOO of many species to be underestimated unless corrections are made. Such corrections are essential for many species described from a restricted number of individuals found in a single or few locations, which have not been further studied after their original description. Classifications based on incomplete sampling may overestimate the real risk of extinction.
As an alternative to the current criteria, we suggest that two different approaches could be used to classify a species into a risk category. Either a large EOO or AOO along with two extra criteria or a small AOO or EOO and a single extra criterion could be used for classification. This would increase both the feasibility, by requiring less data in many situations, and adequacy, by reducing the threshold distribution ranges for classification.
We also propose two alternatives to solve the problem of incomplete sampling. First, for habitat specialist species with restricted distributions, the area of its habitat in a region could be a good surrogate for the total area occupied by that species.
Second, for all other species, ecological modelling of species distributions may be a good option for reducing bias. Many different techniques for modelling species distributions exist (e.g., Elith et al., 2006) and their output is often divergent. Maximum entropy is often considered one of the most accurate (Elith et al., 2006) , but ensemble forecasting, a technique that combines a variable number of modelling techniques and reaches a consensus distribution of species, may in many cases be more accurate (Araújo et al., 2005; Thuiller et al., 2009) . In order to reduce these models' errors, in addition to climatic variables, variables directly related to habitat suitability, such as land cover and human population density, should be used. All of these techniques produce a map of potential distribution probabilities or habitat suitability as the output. Such a map should be converted to a binary presence/absence map to calculate AOO and EOO. The threshold above which a species should be considered as present is variable, but a few rules have been found to perform well (Liu et al., 2005) . After conversion, the EOO can be calculated as the area of the convex-hull polygon encompassing all the sites predicted as suitable for a species. The area occupied by such sites is the AOO and is nearly always smaller than the EOO.
It should be noted that the output of ecological models are maps of potential distributions, not realised distributions, which can be different due to historical (e.g., geographical barriers, local extinctions caused by habitat destruction) or biological (e.g., competition, dispersal capacity) reasons. In addition, using such techniques makes it virtually impossible to calculate the number of locations as defined by the IUCN. These kinds of techniques are only now beginning to be widely used for conservation purposes, with only a few cases pre-dating the current IUCN criteria. The application of ecological modelling should be considered in the future, particularly for invertebrate species or other taxa for which information will probably never be complete. The best way to use distribution modelling to conduct Red List classifications is an area that deserves further study.
Small population size and decline -Criterion C
This criterion is based on the number of individuals in a species and the possibility of their decline or extreme population fluctuations (Table 1 ). Even when it is possible to estimate the number of individuals by exhaustively conducting standardized sampling in a limited set of small areas and extrapolating (see Stroot and Depiereux, 1989) , the current threshold values are inadequate. Mace et al. (2008) justify the use of the current population size thresholds because ''demographic stochasticity is unlikely to be important for any population that has more than about 100 individuals''. However, most invertebrate species would probably be condemned to extinction by demographic stochasticity if only 100 individuals were living, given the relatively low probability that each individual finds a partner, mates, lays eggs and, in many cases, raises the juveniles until they are independent, therefore ensuring the survival of the next generation. The current IUCN population thresholds simply have no reasonable application for most invertebrate species and therefore most extant global species richness. This may lead to an underestimation of extinction risk.
The thresholds of abundance should increase to numbers that reflect realistic values for invertebrates, possibly a few orders of magnitude higher than the current ones, thereby increasing their adequacy. Given the large variability in body size of invertebrates, from dozens of microns (Cycliophorans) to more than a dozen metres (squid), the thresholds in abundance could be variable and likely even inversely correlated with body size.
Very small or restricted population -Criterion D
This criterion is based on the number of individuals of a species or a species found in a restricted range or number of locations (Table 1). As with the previous criterion, even when it is possible to estimate the number of individuals of a species, the current threshold values are clearly inadequate. Likewise, therefore, this criterion can lead to an underestimation of extinction risk for invertebrates.
As in the previous criterion, the thresholds of abundance should be increased to adequate numbers. Additionally, given that estimating absolute abundance data is very difficult, we suggest that the AOO could be used as a sufficient criterion for more categories than Vulnerable (Table 1) . Many invertebrate species are confined to extremely small areas (even less than 1 ha), and a single event could drive them to extinction even if they are not currently in decline. Such events, if considered as plausible near-future threats (e.g., pollution spills, nearby active volcanoes) could be used to justify listing an extremely restricted species as CR or EN. In this way, the applicability of this criterion would increase by allowing the use of AOO to classify a species into any category.
Quantitative analysis of extinction risk -Criterion E
This criterion is based on a quantitative analysis of extinction risk (Table 1) , usually population viability analysis (PVA). This technique has seldom been applied to invertebrates or other small-bodied organisms (Schultz and Hammond, 2003; Bergman and Kindvall, 2004) . In fact, as recognized by the IUCN, this criterion requires the most exhaustive data and is difficult to apply even for many vertebrate taxa.
However, PVA is not the only method for the quantitative analysis of extinction risk, and it should be possible to analyse extinction risk in situations of restricted habitat and predictable habitat disappearance (including co-extinction, see below). Moreover, decreases in habitat quality can also have major impacts on population persistence (Schultz and Hammond, 2003) . Because there is an extinction debt between the time of habitat disappearance and species extinction (Tilman et al., 1994; Triantis et al., 2010 ) their correlation is not straightforward. This criterion should therefore explicitly incorporate the probability of habitat disappearance for species with restricted habitat types. In this way, the applicability of this criterion for invertebrate species would increase.
Projections of global warming and its consequences on species usually consider 50-100 years into the future. Given the oftenshort generation time of invertebrates, using such projections may prove especially useful for classifying species into the Vulnerable category (Table 1) . It is, however, extremely difficult to provide exact probabilities of extinction in a given time frame as required by the current criterion (Akçakaya et al., 2006) . The quality of data is especially critical for projections using the many different long-term climate change scenarios that are available, and extinction debt must also be taken into account. Determining the most appropriate way to incorporate future projections of AOO and the respective change from the present AOO, perhaps by using ecological modelling (e.g., Araújo et al., 2005) , is an additional area that should be considered for future studies.
Co-extinction
Invertebrates are prone to extinction factors that rarely affect vertebrates (Dunn, 2005) . Many species are dependent on a single host, prey or other species that are, for various reasons, essential to their survival. This includes monophagous predators and herbivores and single-species parasites or parasitoids. In fact, it has already been suggested that co-extinction may be the most common form of extinction (Koh et al., 2004; Dunn et al., 2009 ). Such dependency may occur at any life stage (eggs, larvae, juveniles or adults) or sex (often males and females do not overlap in their use of resources).
If a host or prey species is listed in any category, the dependent species should be immediately considered in same category without further justification. Although this can be justified with the current criteria, it is usually only through indirect evidence of the inferred decline of the population.
Case studies

Datasets
To test the application of the criteria to various invertebrate taxa in different regions, we have compiled information for two comprehensive datasets, each with 24 species, for a total of 48 species evaluated (Appendix 1). We restricted our analyses to species endemic to each region to perform global evaluations. The given datasets were chosen because data were relatively comprehensive, publicly available and familiar to the authors.
The first dataset was composed of arthropod species endemic to the Azores archipelago. The arthropod fauna of the Azores is particularly well known because standardized sampling has been performed over the last 10 years in all of the remaining natural forests on the islands (Borges et al., 2005; Gaspar et al., 2008, in press ). In addition, work has recently been performed using the same sampling protocol in other types of habitats, including heav-ily impacted ones Meijer et al., 2011) . A thorough sampling of caves in the archipelago has also provided much of the data (Amorim, 2005; Borges et al., 2007) . In addition to these data, comprehensive distribution data were available and have been compiled into a recent catalogue and public database . The 24 species were equally divided into natural forest specialists (eight species; see definition in Triantis et al., 2010) , underground cave-dwelling animals (eight species) and species from other habitat types (eight species) because we believed that this a priori division could balance the inclusion of endangered and common species.
The second dataset was composed of spider species endemic to the Iberian Peninsula. Some spider families in Portugal and Spain are relatively well known, with standardized sampling performed over the last 10 years in different habitat types in Portugal (Cardoso, 2009 ). Caves were also sampled in many of the karstic areas of the region, providing much of the data. In addition to these data, distribution data were available and have been compiled into a recent catalogue (Cardoso and Morano, 2010) . The 24 species were divided into troglobionts (eight species), Dysderidae (eight species) and Zodariidae (eight species) because these are the best known groups among the most speciose taxa.
Each of the six groups of eight species was divided into three sub-groups. Two species were chosen ad hoc from those considered by the authors to be rare and in need of protection. Two were also chosen ad hoc from those considered by the authors to be common and in no need of protection. The remaining four species per group were chosen randomly from all endemic species described in order to provide an estimate of the general patterns that would emerge if all species were evaluated in a way similar to the Sampled Red List Index approach (Clausnitzer et al., 2009; Cumberlidge et al., 2009; Lewis and Senior, 2011) .
Evaluation of criteria
The AOO was defined differently according to the taxa. For the Azorean forest species, the AOO was calculated as the sum of the area of the forest patches where each species was known to reside. Because all forest patches were thoroughly sampled, this measure should be considered as precise, although overestimated in a few cases where the species does not occupy the entire forest area, e.g., at the disturbed borders (Borges et al., 2006; Cardoso et al., 2007 . For Azorean species occupying other habitat types, the AOO was calculated in the same way. However, for species found in large numbers in disturbed habitats, the entire area of that habitat type on the islands where the species occurred was used instead of only the patches known to be occupied. This was based on the assumption that species able to occupy disturbed habitat types could easily be present in similar, unsampled patches of habitat. For troglobiont species, in either the Azores or the Iberian Peninsula, the approximate area of the cave systems occupied by the species was used. Because caves belonging to the same system are usually connected, we assumed that the entire area could be part of the AOO even if the species may not have occupied the entire system.
For epigean species on the Iberian Peninsula (Dysderidae and Zodariidae), we calculated the potential distribution using the maximum entropy method with Maxent software . Eleven spatial variables were used for this modelling, all with a resolution of one square kilometre: (1) annual mean temperature; (2) temperature seasonality; (3) annual precipitation; (4) precipitation seasonality; (5) potential evapotranspiration; (6) NDVI; (7) land cover; (8) human population density; (9) altitude; (10) latitude; and (11) longitude. The continuous probability maps generated by this method were then converted to presence-absence maps using an option that equalized sensitivity and specificity as the threshold (Liu et al., 2005) . Each site evaluated as suitable for the species was considered part of the AOO.
In the current study, EOO was defined by the minimum convex polygon joining all the occurrences of a species, as suggested by the IUCN guidelines. The exception, following the IUCN recommendations, was with species in the Azores that live on different islands. In such cases, the total EOO was calculated as the sum of the polygons on each island because including the sea between the islands would artificially increase the EOO by several orders of magnitude. For the species whose AOO was calculated based on distribution modelling, the EOO was the area of the polygon encompassing the entire potential AOO.
The number of locations was calculated per the IUCN guidelines as ''a geographically or ecologically distinct area in which a single threatening event can rapidly affect all individuals of the taxon present''. In some cases, this was a subjective decision because the extent of future threatening events was difficult to quantify. The number of locations of the species modelled using Maxent was impossible to determine.
The possible decline and the causes for decline or extreme fluctuations in the EOO, AOO or number of locations were evaluated according to the known history of the habitat (e.g., loss, fragmentation, invasion by exotic species). The percentage of decline was impossible to calculate for all cases except for Anapistula ataecina, whose habitat is being eliminated by stone quarries (Cardoso and Scharff, 2009 ). We were able to infer declines in habitat quality for most species inhabiting one or a few habitats. Fragmentation of subpopulations was assumed if the habitat was fragmented without adequate corridors between the patches; this was usually the case for Azorean forest specialists and for all troglobionts.
We had no abundance data or even rough estimates of abundance for any of the species. Instead of considering this value as unknown, we used the arbitrary abundance of 1,000,000 for all species. Using this value allowed us to obtain classifications for many species that would be evaluated as DD if ''Unknown'' were used. Because we used a conservative value that was far above the abundance thresholds defined by any of the criteria, we could avoid the classification of any species as at risk based in any way on abundance values.
Given the uncertainty that inevitably arises when many of the parameters are unknown, we used the RAMAS software package (Akçakaya and Ferson, 2001 ) to build a file for each species and reach a single classification (all files are available from the first author by request). In cases of uncertainty, we used the most plausible classification given by the software, as suggested by Colyvan et al. (1999) .
Results
The EOO and AOO for most species were below the thresholds needed to classify any species as at risk, even for some common species ( Fig. 1; Appendices 1 and 2) . For the Azores dataset in particular, all species necessarily had an EOO and AOO smaller than the area of the archipelago (2346 km 2 ; Fig. 1 ). Moreover, being an archipelago with large distances between islands, many species that live on more than one island fulfilled the fragmentation subcriterion (B1a), and most single-island endemics fulfilled the number of locations sub-criterion (B1a). This implied that most endemic species with any kind of decline were immediately classified at least as EN (Appendix 1). This criterion was also met by the cave-dwelling species we assessed, with all troglobionts classified as either CR or EN, unless the information available was scarce and an assessment of DD was reached (Appendix 1). In fact, one-third of the 48 species had an EOO below the threshold for a classification of CR (100 km 2 ) and one-quarter presented an AOO below the threshold for the same classification (10 km 2 ).
P. Cardoso et al. / Biological Conservation xxx (2011) xxx-xxx In many cases, it was impossible to assess whether there was a continuing decline in EOO or AOO and, if so, the causes ( Fig. 1 ; Appendix 1). Such assessment was only possible for species with restricted habitat preferences where the decline was inferred from a decline in habitat area and/or quality. Extreme fluctuations were impossible to assess in all but a few species that were very common and therefore did not present such fluctuations.
The number of known locations was low in most cases except for species classified a priori as common (Fig. 1) . A continuous decline in the number of locations was impossible to assess in half the cases. When it was possible to reach some conclusion, it was necessary to infer a decline in the number of locations from a decline in AOO, which, as described above, was inferred from a decline in habitat area and/or quality. Fragmentation was a common situation, given the number of insular, habitat specialist and troglobiont species in our datasets. For habitat generalists, fragmentation was usually classified as unknown. Determining declines in habitat quality followed the same trend as fragmentation, as the two concepts are necessarily interconnected.
As mentioned above, absolute abundances, even if roughly estimated, were impossible to obtain for any species (Appendix 1). Long-term population monitoring of only one species, Trechus terceiranus, has been performed. However, even after years of study, only the tendencies (decreasing) and not the absolute numbers are known Borges and Pereira, unpublished data) . Even for this well-studied species, it was impossible to determine the percentage decline in the number of individuals over the years. Therefore, these values all had to be inferred from perceived declines in the AOO, which were themselves inferred from declines in habitat area and/or quality, as described above. In all cases, it was not possible to determine the proportion of individuals in the largest subpopulation or whether there were extreme fluctuations in abundance.
It was impossible to obtain the probability of extinction within a given time frame due to the requirement for unavailable data (Appendix 1). At a minimum, it would be necessary to know the rate of future disappearance of adequate habitat. However, these data were not available at the time of writing.
More than one-quarter (27%) of the 48 evaluated species were classified as Critically Endangered, 19% as Endangered, 6% as Vulnerable and 8% as Least Concern. The remaining 40% did not have enough data to reach a classification (Fig. 2) .
If we only took into account the 24 randomly chosen species, the numbers changed but the trends were similar (Fig. 2) . Remarkably, not a single species chosen randomly could be considered as Least Concern (LC), and more than half the species, mostly Iberian spiders, had to be classified as DD due to the lack of appropriate data. This meant that all species were classified as in risk of extinction to some degree.
Feasibility and adequacy of species evaluations
In many cases, all the information available about each of the species evaluated was insufficient to reach an assessment. Assessments were possible only for those species with relatively wellknown distribution (allowing the estimation of EOO and AOO) and restricted habitats (allowing the evaluation of fragmentation and habitat quality) that had been studied with quantitative methods (allowing the evaluation of possible declines). When these three requirements were fulfilled, the Wallacean, Prestonian and Hutchinsonian shortfalls (see Cardoso et al., in press) could be overcome and a classification reached.
Paradoxically, it seems to be harder to obtain reliable information for common species. If a species is restricted in area and habitat type, it is relatively easy to relate habitat loss with loss of EOO or AOO. If a species is not restricted to a small area or a unique habitat, it becomes a daunting task to determine its current trends. However, common species could also have a declining trend in both abundance and distribution (Gaston, 2010) . Thus, the feasibility of the current criteria is compromised. A further consequence of this paradox is that almost all species that were possible to be evaluated, even species considered a priori as common and non-endangered, were classified as at risk, most commonly as Critically Endangered. This is more evident for the island species, which could create the ''island artefact'' (overestimation of risk) because the small size of islands manifests in most single-island endemic species being easily classified into one of the IUCN categories (Martín, 2009 ). The adequacy of the current criteria is therefore also compromised. If both feasibility and adequacy seem to be far from ideal, the discussion of a number of improvements to the current criteria seems to be necessary (Table 2) .
Conclusions
The evaluation of risk and the ranking of species based on extinction risk is the objective of the IUCN Red List criteria. However, we argue that the current criteria may present serious shortcomings when applied to the majority of invertebrate groups (Table 2) , and thus to the majority of known species. The criteria should be both feasible, in the sense that the information required should be obtainable without an unreasonable effort, and adequate, in the sense that the criteria should allow realistic ranking of species according to their extinction risk.
A prevailing issue in the classification of invertebrate species (and probably many plant and fungi taxa) according to the current Fig. 2 . Classifications reached for the 48 species evaluated in this study. criteria is subjectivity (Lewis and Senior, 2011) . As mentioned above, many trends are inferred from indirect evidence and the methods for determining them largely depend on the perception of each evaluator at each moment (Verdú and Galante, 2006) . This means that the seemingly objective criteria often are subjectively applied. Subjectivity is even more influential if many taxa are being evaluated simultaneously and the evaluators avoid assigning species to the DD status.
The application of the current criteria to invertebrates is mostly limited to criterion B (e.g., Lewis and Senior, 2011) and in some cases A or D (van Swaay et al., 2010; Fox et al., in press; Lewis and Senior, 2011) . Therefore, adapting the criteria to explicitly incorporate measures of AOO and EOO in addition to population size is critically important to overcome the feasibility problems and allow the proper application of criteria A, C (in some cases) and D. Criterion E could also be modified to ensure easy implementation for habitat-restricted species or those that are predicted to be most affected by climate change. Additionally, co-extinction could be included as part of the process ( Table 2 ). As the criteria are currently defined, they seem targeted toward the exceptions in data availability rather than the rule.
Adequacy problems are probably more difficult to overcome. This implies either that changes should be made to the current threshold values for invertebrates or that sub-categories should be created to guarantee comparability with other taxa. Dividing each extinction risk category into sub-categories would allow better discrimination between rare and relatively common species that are currently listed in the same category. This discrimination would increase the adequacy of the current criteria.
Given reasonable information and adequate criteria, it is possible to evaluate all taxa in an unbiased and objective manner, from the smallest insect to the largest mammal (Martín et al., 2010) . Our proposal is intended to promote debate among experts. Having a parallel set of criteria for invertebrates, and eventually for other little-known taxa, would allow experts to fill in the gap that currently exists between the number of assessed species and the number of described species. With the current rate of species description (15,000 invertebrate species per year, see: http://www.organismnames.com), this gap is, in fact, increasing every day.
Finally, we emphasize that red lists are not usually equivalent to legally protected species lists (Martín et al., 2010) . Translating a list of endangered species to binding law is a final, essential, step in the adequate protection of our biodiversity. Using a set of objective criteria to create red lists and, in later stages, protected species lists, would allow prioritizing species protection in a rigorous, efficient way.
